Online crowdsourcing websites such as Amazon's Mechanical Turk (MTurk) are increasingly being used in addictions research. However, there is a relative paucity of such research examining the validity of administering behavioral economic alcohol-related measures, via an online crowdsourcing platform. This study sought to validate an alcohol purchase task (APT) for assessing demand and a questionnaire measure of proportionate alcohol reinforcement, using an online sample of participants recruited via MTurk. Participants (N ϭ 865, 59% female) were recruited via MTurk to complete the APT, proportionate alcohol reinforcement questionnaire, Alcohol Use Disorders Identification Test (AUDIT), and demographics. Responses on the APT were highly systematic (Ͻ3% nonsystematic data) and conformed to prototypical demand curves. Correlation analyses revealed significant associations among AUDIT total scores with a majority of the alcohol demand indices (r values .08 -53, p values Ͻ .05) as well as proportionate alcohol reinforcement, r ϭ .43, p Ͻ .001. Regression analyses controlling for relevant covariates indicated that intensity, BP, O max , elasticity, and reinforcement ratio predicted significant variance in AUDIT scores. This study further supports the use of online crowdsourcing websites for investigating behavioral economic determinants of alcohol misuse.
Application of behavioral economics to the study of addictive behavior has undergone a substantial expansion over the last two decades, particularly in the case of alcohol use disorder (Bickel, Johnson, Koffarnus, MacKillop, & Murphy, 2014; MacKillop, 2016) . Two relevant behavioral economic constructs include alcohol demand (i.e., the quantitative relationship between alcohol consumption and its cost, reflecting the relative value of alcohol to the individual; Murphy & MacKillop, 2006) and proportionate alcohol-related reinforcement (i.e., the relative reinforcement derived from alcohol-related activities as relative to nonalcoholrelated activities; Murphy, Correia, Colby, & Vuchinich, 2005) .
In the first case, the typical alcohol demand curve has a negatively accelerating slope such that as the price of alcohol increases the amount of alcohol that individuals will consume decreases exponentially. Alcohol demand curves can be used to estimate several metrics of alcohol demand, including consumption at minimal cost (i.e., intensity), the price point at which the consumption is suppressed to zero (i.e., breakpoint; BP), maximum expenditure on alcohol (i.e., O max ), and the overall slope of the demand curve (i.e., elasticity). A common measure for determining these various indices of demand is an alcohol purchase task (APT; Murphy & MacKillop, 2006) , which assesses self-reported alcohol consumption across a range of drink prices. Numerous studies using purchase task paradigms have shown that elevated alcohol demand is associated with higher amounts of alcohol consumption, alcoholrelated problems, and severity of alcohol use disorder (Bertholet, Murphy, Daeppen, Gmel, & Gaume, 2015; MacKillop et al., 2010; Murphy & MacKillop, 2006; Murphy, MacKillop, Skidmore, & Pederson, 2009; Skidmore, Murphy, & Martens, 2014) . Finally, level of alcohol demand has also been found to prospectively predict response to brief alcohol interventions (MacKillop & Murphy, 2007; Murphy et al., 2015) .
The second case is alcohol-related reinforcement, which quantifies overall reinforcement in a person's daily life and the proportionate amount that is attributable to alcohol. This alternative method of examining motivation for a commodity using relative reinforcement ratios is grounded in basic operant theory; namely, the matching law (Herrnstein, 1974) . Alcohol-related reinforcement substantively differs from alcohol demand to the extent that demand conceptually measures what is referred to as "own-price sensitivity" (i.e., the isolated value of the commodity in relation a standardized cost) whereas reinforcement ratios conceptually measure "cross-price sensitivity" (i.e., the value of the commodity in relation to diverse alternative reinforcing activities). As such, it draws on the emphasis on molar determinants of behavior within behavioral economics (e.g., Vuchinich & Tucker, 1996) .
There is a considerable amount of prior research indicating that high proportionate alcohol-related reinforcement (PAR) is highly implicated in alcohol use disorders (Bigelow, 2001; Correia, Simons, Carey, & Borsari, 1998; Higgins, Heil, & Lussier, 2004) . In the case of alcohol, a commonly used scale to measure PAR is the Adolescent Reinforcement Survey Schedule-Alcohol Use Version (ARSS-AUV; Murphy et al., 2005) . This measure assesses the relative allocation of time and enjoyment associated with alcohol use compared with alcohol-free behavior. Previous work by Murphy and colleagues has shown that higher PAR is positively related to weekly drinking levels and alcohol-related problems (Murphy et al., 20o5, 2015) . Furthermore, baseline PAR predicted brief alcohol intervention outcomes, with significant decreases observed in posttreatment PAR (Murphy et al., 2005) .
For both alcohol demand and PAR, most prior studies have typically recruited from convenience samples involving a single geographic region or demographic group (e.g., heavy drinkers from a single university campus), which raises potential concerns about generalizability. Prior studies have also generally included modest sample sizes, with a few notable exceptions (Bertholet et al., 2015; Gray & MacKillop, 2014) . However, a relatively new method of addressing these limitations has emerged via online crowdsourcing sites, allowing for large-scale data collection. Amazon's Mechanical Turk (MTurk) is a crowdsourcing platform that allows "requestors" (i.e., researchers) to hire and pay "workers" (i.e., participants) for the completion of tasks such as questionnaires, experiments, writing, and so forth, via the Internet (Paolacci & Chandler, 2014) . Workers browse available tasks posted by requestors and select those that interest them. They are then paid electronically through their MTurk account upon successful completion of the task. The amount paid through MTurk is typically small (e.g., less than a dollar); however, previous research has shown that worker motivation is intrinsic rather than driven by monetary reward (Buhrmester, Kwang, & Gosling, 2011) . Requesters may also choose to implement certain criteria as to who can and who cannot complete their tasks based on demographic characteristics (e.g., age, gender, marital status, etc.) or previous MTurk experience (e.g., Ͼ95% valid performance on prior MTurk surveys). Although the use of online crowdsourcing websites is still relatively new, the strengths and limitations of these platforms have been debated in the literature (Buhrmester et al., 2011; Paolacci & Chandler, 2014) . A common criticism of social science research has pertained to the overrepresentation of American college participants and a lack of diversity within various research samples. A key strength of crowdsourcing platforms is their ability to extend beyond the geographic location of the researchers, thereby allowing for data collection from a variety of participants spanning a variety of locations. This can add diversity to the sample and potentially reduce biases. Another concern that emerges with the growing use of online crowdsourcing data collection is the reliability of self-report data collected via the Internet. Importantly, previous research examining this criticism has found that data provided by workers is reliable (Buhrmester et al., 2011; Paolacci & Chandler, 2014) . In fact, MTurk data quality has been found to meet, or in some cases exceed, various psychometric standards associated with previously published research (Buhrmester et al., 2011) .
In recent years, MTurk and other crowdsourcing sites have been used to examine behavioral economic variables in a variety of addiction samples. While many of these studies have focused on delay discounting preferences Jarmolowicz, Bickel, Carter, Franck, & Mueller, 2012; Johnson, Herrmann, & Johnson, 2015; VanderBroek, Acker, Palmer, de Wit, & MacKillop, 2015) , there is also a growing literature using MTurk to investigate behavioral economic demand for commodities such as cigarettes (Koffarnus, Franck, Stein, & Bickel, 2015) and cocaine (Strickland, Reynolds, & Stoops, 2016) . A recent MTurk study by Kaplan and colleagues investigated the construct validity of the APT by demonstrating changes in alcohol demand associated with differing time constraints in the APT vignette (i.e., how long the participant should imagine being at a party to watch a band) in a This document is copyrighted by the American Psychological Association or one of its allied publishers.
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moderately sized sample (n ϭ 179; Kaplan et al., 2017) . Because of the strict translational nature of their study, the researchers employed a broad sample of participants and did not formally collect clinical data on alcohol use disorder severity. Thus, the utility of the APT and PAR measures in crowdsourced platforms for clinically relevant research questions remains unknown. The present study sought to validate the use of MTurk to assess these measures. In the case of demand, we examined the internal validity of the APT by examining the extent to which the demand curves were systematic (e.g., Stein, Koffarnus, Snider, Quisenberry, & Bickel, 2015) and intercorrelations among the individual demand indices. We also evaluated the construct validity of both measures by examining associations between the behavioral economic indices and measures of alcohol use and misuse in correlation and regression analyses. We hypothesized that APT performance would be highly systematic and would conform to prototypical demand and expenditure curves. Furthermore, we expected that elevated alcohol demand and higher PAR would be associated with greater levels of alcohol use and misuse.
Method Participants
Participants for the study were recruited through MTurk's online crowdsourcing data site (www.mturk.com). MTurk allows for surveys and tasks to be posted by "requesters" and completed by "workers" given that the "workers" (participants) meet certain criteria. Eligibility criteria for the current study required that participants must: (a) be at least 18 years of age, (b) be geographically located in the United States, (c) have reported at least one drinking episode in the last year on the Alcohol Use Disorders Identification Test (AUDIT), (d) have provided valid, acceptable data on at least 85% of previously competed MTurk surveys/tasks (i.e., approval rate), and (e) only one response was accepted per IP address. The initial sample consisted of 976 individuals; however, we excluded 111 participants who reported never drinking alcohol on their AUDIT questionnaire. The final sample consisted of 865 participants.
Materials and Measures
The survey posted on MTurk was titled, "Complete a research study on validating internet-based behavioral economic assessment" and included a brief summary of the tasks to be completed and the purpose of the study. The study posting provided a link to a third-party platform, Inquisit 3.0.6.0 (Millisecond Software). Before gaining access to the survey, participants were required to complete an electronic consent form. Participants received $1 for completing the study. All study procedures were approved by the University of Georgia Institutional Review Board.
Alcohol demand. The APT (Murphy & MacKillop, 2006 ) is a self-report questionnaire that assesses alcohol consumption at escalating price levels. Participants read a description of a hypothetical drinking situation (see vignette text provided in supplementary materials) and were asked to report the number of standard drinks that they would purchase and consume at 21 different price points ($0.00 [free], $0.02, $0.05, $0.13, $0.25, $0.50, and $1 to $15 in one-dollar increments). At each price point, participants were prompted with the following question, "How many drinks would you consume if they were $__ each?" (e.g., $0.00, $0.25, $1, etc.).
Proportionate alcohol-related reinforcement. The ARSS-AUV (Murphy et al., 2005 ) is a measure of PAR over the past month. For the present study, a modified 33-item version of the original measure was used (the complete list of items is provided in the online supplementary materials). The original measure contained several items pertaining to adolescence, but given the current focus on adults, only items relevant to adult age groups were used. Participants rated how much they enjoyed each activity and how often they engaged in the activity either with or without alcohol (i.e., frequency without alcohol, enjoyment without alcohol, frequency with alcohol, enjoyment with alcohol). Participants made their rating using a 5-point Likert scale; 0 being never or unpleasant and 4 being more than once per day or extremely pleasant. Frequency and enjoyment ratings were multiplied to obtain a cross-product score for each item (ranging from 0 to 16), reflecting reinforcement derived from the activity (Correia, Carey, Simons, & Borsari, 2013) . The reinforcement ratio across all items was calculated as (substance-related reinforcement)/(substance-free reinforcement ϩ substance-related reinforcement; Murphy et al., 2005) . Of note, 35 participants did not complete this questionnaire, leaving 809 participants with valid PAR data. To our knowledge, this is the first study to administer the ARSS-AUV outside in participants who are older than the emerging adult age range. Accordingly, we examined the psychometric properties of the measure as a function of age by calculating internal consistencies (i.e., ␣) by age group (e.g., 18 -21, 20 -29, 30 -39, etc.) . Internal consistencies were very high across age groups (␣ values .89 -.97) , with the lowest consistency found for the youngest group (age 18 -21, ␣ ϭ .89).
Alcohol use. Alcohol use and misuse was assessed using the AUDIT (Babor, Higgins-Biddle, Saunders, & Monteiro, 2001 ), which consists of 10 self-report items pertaining to alcohol use patterns and problems in reference to the past 12 months. Most scoring standards agree that total AUDIT scores of eight or higher are suggestive of hazardous alcohol use (Babor et al., 2001) . In addition to the total AUDIT score, we generated separate composite scores relating to quantity/frequency of alcohol use (AUDIT-QF; items 1-3) and consequences from alcohol use (AUDIT-CONS; items 4 -10; Maisto, Conigliaro, McNeil, Kraemer, & Kelley, 2000) .
Demographics. Participants completed a demographics questionnaire assessing gender, age, race, education, financial situation, and ethnicity.
Data Analysis
All variables were screened for outlying values (Z Ͼ 3.29; Tabachnick & Fidell, 2001 ) and distribution normality. A small number of outlying values were identified (Ͻ2% of data points), and these values were winsorized to be one unit greater than the greatest nonoutlier value. Variables that were skewed or kurtotic were transformed prior to analysis when appropriate. A logarithmic transformation was applied to intensity and elasticity, and a square root transformation was applied to O max .
Demand curves were evaluated for nonsystematic data using the three criteria provided by Stein et al. (2015) : (a) trend (i.e., decreasing demand as price increases; ⌬Q limit ϭ 0.025), (b) bounce (i.e., local increases in consumption from a lower to a This document is copyrighted by the American Psychological Association or one of its allied publishers.
higher price; B limit ϭ 0.10), and (c) reversals from zero (i.e., zero consumption at two or more consecutive prices followed by any nonzero consumption at higher prices). Demand data were classified as nonsystematic if it failed one or more of the three criteria. Four demand indices were directly observed from the data: (a) intensity (i.e., consumption at free price), (b) BP (i.e., first price suppressing consumption to zero), (c) O max (i.e., maximum expenditure on all alcoholic drinks at a single price), and (d) P max (i.e., price corresponding to O max ). Of note, 98 participants continued to consume at the highest price and therefore did not meet the definition of BP. In these cases, BP was coded as the next highest price in the sequence ($16). Finally, we derived elasticity via the exponentiated version of the Hursh and Silberberg (2008) equation developed by Koffarnus et al. (2015) :
where Q ϭ quantity consumed at price C, Q 0 ϭ derived intensity, k ϭ empirical range in consumption (i.e., log 10 (min consumption) -log 10 (max consumption) ϭ 2.0), and ␣ ϭ demand elasticity. The exponentiated model was chosen because it allows for zero consumption values and has improved model fit and construct validity relative to the exponential model using arbitrary nonzero values (Strickland, Lile, Rush, & Stoops, 2016) . Continuous associations among variables were examined using Pearson zero-order correlations (r). Next, a series of hierarchical regression models were conducted to assess the utility of these metrics in predicting level of alcohol misuse after controlling for relevant covariates. Each demand index and the PAR index were examined in separate models. The first step of these models included gender, age, race (White vs. non-White), education, and income as predictors; the demand index or PAR was included in step two. In a separate follow-up regression, all of the significant demand indices and PAR were entered simultaneously on step two to evaluate the unique predictive utility of each index.
Results

Sample Characteristics and Gender Differences
Sample characteristics are provided in Table 1 . Participants reported a mean AUDIT total score of 5.26 (SD ϭ 5.43), with significantly higher scores in men (M ϭ 6.40, SD ϭ 6.00) compared with women (M ϭ 4.47, SD ϭ 4.82), t (833) 
Demand Curves
Estimated consumption on the APT conformed to the anticipated decelerating curve with increasing price, and expenditures exhibited the prototypical inverted U-shaped curve (see Figure 1) . Participants who reported high severity on the AUDIT revealed the expected elevated alcohol demand and expenditure curves relative to the participants with low AUDIT scores (Figures S1A and S1B in the online supplementary materials). Twenty-one participants (2.4%) reported unsystematic data on the APT (10 due to the trend criterion; 11 due to the reversal criterion; no participants failed bounce criterion), resulting in 844 participants with systematic APT data. Ten participants provided only one positive consumption value and, as such, were not viable for demand curve modeling. Equation 1 provided an excellent fit for the aggregated values (R 2 ϭ .99) and for individual participant data (median R 2 ϭ .91; interquartile range ϭ .83-.95).
Correlational Analyses
The bivariate correlation matrix is presented in Table 2 . All demand indices were significantly correlated with each other (r values ϭ .22-.91; p values Ͻ .001), except for intensity and P max . Elasticity and O max approached collinearity, sharing approximately 83% of variance. AUDIT total scores were significantly associated with each of the demand indices (except P max ) and PAR. However, the magnitude of associations varied considerably across index, with relatively larger associations observed for intensity and PAR and substantially smaller effect sizes for breakpoint. Table 3 presents the regression analysis predicting overall alcohol use and misuse as indicated by AUDIT total score. Intensity, BP, O max , elasticity, and PAR were all statistically significant predictors of AUDIT scores. A follow-up regression examined the unique predictive utility of the behavioral economic indices. Because of high collinearity between O max and elasticity and a higher zero-order correlation for O max , only O max was included in the combined model. Both intensity and PAR uniquely predicted AUDIT total score in the combined analysis.
Regression Analyses
Discussion
The current study examined the use of the crowdsourcing data website, MTurk, as a means of collecting large scale data for measures of behavioral economic indices of alcohol demand (APT) and alcohol-related relative reinforcement (PAR). The results of the study were generally consistent with the proposed hypotheses. Patterns of responses on the APT collected via MTurk Note. SD ϭ standard deviation; IQR ϭ interquartile range. This document is copyrighted by the American Psychological Association or one of its allied publishers.
closely resembled those in previous studies using an in-person format, and the pattern of associations between demand and alcohol misuse were also in the expected direction. Furthermore, to our knowledge, this is the first study to adapt the ARSS-AUV for use outside the emerging adult age range. Analyses of the psychometric properties of the adapted measure revealed high internal consistency across age groups supporting its future use in wider age ranges.
The implications of the current study are twofold. Primarily, this study has shown that the alcohol demand measure (i.e., the APT) can be administered through an online crowdsourcing platform while providing valid consumption and expenditure data. Using the multicomponent algorithm proposed by Stein et al. (2015) , approximately 98% of participants provided systematic responses on the APT. The excellent data quality in the present study is notable in comparison to prior purchase task studies collected via MTurk. In the APT study by Kaplan et al. (2017) , 11% of the sample (21/200) was excluded due to nonsystematic data. Moreover, the Stein et al. (2015) study that developed the original algorithm reported 5.9% (17/289) nonsystematic data on a cigarette purchase task. Beyond highly systematic data in the current study, the individual and group-level demand and expenditure curves also conformed to the expected shapes, with Equation 1 accounting for a large amount of variance, consistent with numerous previous studies (Bertholet et al., 2015; Gray & MacKillop, 2014; MacKillop et al., 2010) . Collectively, these findings are notable given the potential lack of experimental control that accompanies online crowdsourcing platforms such as MTurk. However, researchers can improve experimental control via screening criteria such as the ones used in the present study (e.g., Ͼ85% valid data on prior surveys, restricting to U.S. locations, and one response per IP address). If replicated by other studies, these results indicate low risk of participant exclusion due to unsystematic data and bolstering confidence in MTurk as an effective method for large-sample data collection.
The second implication of the current study pertains to the results of the correlation and regression analyses. Higher alcohol misuse on the AUDIT was associated with several indices of alcohol demand and PAR, even after accounting for several potential confounding variables (age, gender, etc.) . Although this pattern is not in itself new, as many previous laboratory and survey studies have reported similar associations between alcohol misuse and behavioral economic indices (e.g., Bertholet et al., 2015; Gray & MacKillop, 2014; MacKillop et al., 2010; Skidmore et al., 2014) , that we observed these associations in an online crowdsourcing context provides additional support for crowdsourced studies on demand. However, it is noteworthy that not all indices of alcohol demand were significantly associated with alcohol misuse, and the effect sizes of those that were statistically significant also varied considerably. Larger magnitude associations were found for intensity and PAR relative to the other indices, with somewhat trivial effect sizes for breakpoint. In addition, P max was not significantly correlated with AUDIT. Prior studies have reported similarly nonsignificant associations for P max (Bertholet et al., 2015; MacKillop et al., 2010; Skidmore et al., 2014) . These findings suggest that the P max index may not provide meaningful This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
information relative to other indices of alcohol demand, serving more as an epiphenomenon than a true marker of alcohol motivation. The current findings should be considered in the context of the study's strengths and limitations. Notable strengths of the study include a large, well-powered sample of participants that provided a strong hierarchical regression framework allowing for control of potential confounding factors. Additionally, data provided by the participants were complete and highly systematic. An important disadvantage to using crowdsourcing is the lack of experimental control compared with in-person assessment. Although we implemented several inclusion criteria to increase the likelihood of high-quality data (e.g., requiring participants to have Ͼ85% valid data on prior MTurk responses), other MTurk studies have often used more stringent minimum eligibility criteria such as 95% valid data and a minimum number of prior completed assessments. Our study also did not include attentional check items that are sometimes included in MTurk surveys to prevent random or "downthe-line" responding. It is notable that despite the more liberal inclusion criteria in the current study, only ϳ3% of the data was excluded due to inconsistent or invalid responses. Finally, we were not able to account for external influences during survey completion, such as where and under what conditions the surveys were completed and whether participants had prior knowledge of the tasks. Another limitation is that all measures were based on selfreport; however, previous studies on alcohol demand have indicated very similar responses for both real and hypothetical rewards (Amlung, Acker, Stojek, Murphy, & MacKillop, 2012; Amlung & MacKillop, 2015) . Lastly, although the AUDIT is a commonly used screening measure to assess alcohol use severity, the study necessarily lacked a "gold-standard" measure of clinical severity or a high-resolution measure of drinking quantity and frequency, such as the Timeline Follow-Back (Sobell & Sobell, 1992) . This is inherent to an online assessment, but it is worth noting nonetheless.
This study is, to our knowledge, the first large-scale study to examine the validity of assessing alcohol demand and reinforcement measures via a crowdsourcing website, and beyond alcohol only a limited number of other substances (e.g., tobacco, cocaine) have been investigated. Future studies administering behavioral measures through online crowdsourcing may assess previously unexamined substances using similar methods. For example, the growing literature examining demand for marijuana (Aston, Metrik, Amlung, Kahler, & MacKillop, 2016; Aston, Metrik, & MacKillop, 2015; Collins, Vincent, Yu, Liu, & Epstein, 2014 ) is particularly timely given the evolving policy landscape concerning marijuana regulation. Expanding on past lab-based research, crowdsourcing platform could provide novel tools for large-scale research studies on behavioral economic factors contributing to marijuana use. Another priority is to determine the temporal stability of alcohol demand and PAR when assessed online. Prior studies suggest that the APT exhibits good test-retest reliability when assessed in person (Hallgren, Greenfield, & Ladd, 2016; Murphy et al., 2009) , but this remains an empirical question for online assessment.
In conclusion, the current study further supports the use of crowdsourcing data websites such as MTurk for administering behavioral economic alcohol measures to large, geographically diverse samples in a relatively short timeframe. More broadly, the study provides more evidence of robust relations between alcohol demand and proportionate alcohol reinforcement in relation to distinct aspects of drinking. Future studies should continue to validate the use of MTurk, particularly for other commodities not previously examined. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
